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DETAILED ACTION 

1 . The Office Action is in response to RCE filed on 07/14/04. 

Claim Rejections - 35 USC §102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 35 1(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

3. Claims 1-2, 6-9, 12-14, 16-18, 52, 61-62 are rejected under 35 U.S.C. 102(e) as being 
anticipated by US 6784508 to Tsunashima et al. 

Regarding claim 1, Tsushima discloses a method of forming a dielectric layer in fig .2G-3 
comprising: a semiconductor substrate 1, fig. 2G, having a silicon-containing surface, forming a 
first metal-containing dielectric layer 6 consisting of metal oxide, column 5 line 26, over the 
surface, all the metal of the first dielectric layer consisting of ate least one element selected from 
Group IVB of the Periodic Table of the Elements, column 5 line 26, and forming a second metal- 
containing dielectric layer 3 of metal oxide on and in contact with the first metal-containing 
dielectric layer 6, all the metal of the second dielectric layer 3 consisting of at least one element 
selected from Group IEIB of the Periodic Table of the Element, column 5 line 35. 

Regarding claims 2, 6-7, Tsushima discloses the method wherein the metal of the first 
metal-containing dielectric layer 6 consists of hafnium, wherein the metal of the second metal- 
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containing dielectric layer 3 consists of one element selected from Group IIIB of the periodic 
table, wherein the second metal-containing dielectric layer 3 consists of lanthanum, column 5 
line 35. 

Regarding claims 8-9, 12, 16-18, Tsushima discloses a method wherein the forming of 
the first metal-containing dielectric layer 6 and the forming of second metal-containing dielectric 
layer 3 comprise: forming a hafnium-containing layer; forming a lanthanum-containing layer 
over the hafnium-containing layer; and exposing the hafnium-containing layer and the 
lanthanum-containing layer to an oxygen comprising atmosphere and heating the hafnium- 
containing layer and the lanthanum-containing layer to a temperature effective to form a 
hafnium-containing dielectric layer and a lanthanum-containing dielectric layer, wherein forming 
the hafnium-containing layer and the lanthanum-containing layer comprises physical vapor 
deposition, wherein the exposing comprises positioning the substrate within a reaction chamber 
and exposing the hafnium-containing layer and the lanthanum-containing layer to oxygen 
radicals within the reaction chamber, column 6 lines 45-55. 

Regarding to claims 13-14, Tsushima discloses the method wherein forming the hafnium- 
containing dielectric layer 6 comprises depositing hafnium to a thickness less than or equal to 
about 5 nm; and the forming the lanthanum- containing dielectric layer 3 comprises depositing 
lanthanum to a thickness less than or equal to about 5 nm, column 5 lines 4-5, wherein a ratio of 
the hafnium thickness to the lanthanum thickness of from about 1 to 3 to about 1 to 4, column 4- 
5. 

Regarding claim 52, Tsunashima discloses a method of forming a dielectric layer 
comprising: providing a substrate 1 comprising a silicon-containing surface; forming a first 
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metal-containing dielectric layer 6 over the surface, the first dielectric layer consisting essentially 
of hafnium oxide; and forming a second metal-containing dielectric layer 3 on and in contact 
with the first metal-containing dielectric layer 6, the second dielectric layer consisting essentially 
of lanthanum oxide, fig. 3. 

Regarding claims 61-62, Tsunashima disclose the second dielectric layer 3 consists of 
lanthanum oxide, column 5 line 35. 

4. Claims 1, 52 are rejected under 35 U.S.C. 102(e) as being anticipated by US 6679996 to 
Yao et al. 

Regarding claims 1, 52, Yao discloses a method of forming a dielectric layer in fig. 1A- 
2C comprising: a semiconductor substrate 1, fig. 1 A, having a silicon-containing surface, 
forming a first metal-containing dielectric layer 3 consisting of metal oxide, column 4 line 22, 
over the surface, all the metal of the first dielectric layer 3 consisting of at least one element 
selected from Group IVB of the Periodic Table of the Elements, column 4 line 22, and forming a 
second metal-containing dielectric layer 3' A of metal oxide on and in contact with the first 
metal-containing dielectric layer 3 ? B, all the metal of the second dielectric layer 3' A consisting 
of at least one element selected from Group IIIB of the Periodic Table of the Element, column 4 
line 32. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
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having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

6. This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

7. Claim 15, 19-22, 24-25, 54-55, 60 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over US 6784508 to Tsunashima et al. in view of US 6348373 to Ma et al. 

Regarding claim 15, Tsunashima discloses the method wherein forming the hafnium- 
containing dielectric layer 6 to a thickness than about 1 .5 nm, column 5 line 4, the forming 
lanthanum-containing dielectric layer 3 to a thickness of no greater than about 5 nm, column 5 
line 5, wherein a ratio of the first thickness to the second thickness is from about 1 to 3 to about 1 
to 4: and the gate dielectric layer has an equivalent oxide thickness of less than or equal to 2 nm, 
column 5 line 8. 

But Tsunashima does not expressly disclose the hafnium-containing dielectric 
layer 6 having a thickness no greater than about 1 .0 nm. Accordingly, it would have been 
obvious to one of ordinary skill in art to use the hafnium-containing dielectric layer 3 
having a thickness than about 1.5 nm teaching of Tsunashima in the range as claimed, 
because it has been held that where the general conditions of the claims are discloses in 
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the prior art, it is not inventive to discover the optimum or workable range by routine 

experimentation. See In re Aller, 220 F.2d 454, 105 USPQ 233, 235 (CCPA 1955). 

Regarding claims 19, 60 Tsunashima discloses the method wherein the first dielectric 
layer 6 consisting of hafnium silicate, column 5 line 27, and a second dielectric layer 3 consisting 
of lanthanum oxide, column 5 line 35. 

But Tsunashima does not expressly disclose the first dielectric layer 6 consisting 

of hafnium oxide. 

However, Ma reference discloses the method comprises a gate dielectric layer 20 
(120), fig. 3, can be hafnium oxide or hafnium silicate, column 3 lines 4-6. At the time of 
the invention was made; it would have been obvious to one of ordinary skill in the art to 
replace the hafnium silicate layer 6 of Tsunashima with hafnium oxide layer 120 teaching 
of Ma, because such material replacement would have been considered a mere 
substitution of art-recognized equivalent values. 

Regarding claims 20, 54-55 as discussed in the above claim 1 and 19, the combination 
Tsunashima and Ma discloses all the limitation of claims 20, 54. 

Regarding claims 21-22, 24-25, Tsushima discloses the method wherein the forming the 
hafnium-containing metal layer 6 and the forming the lanthanum-containing metal layer both 
comprise physical vapor deposition, where physical vapor deposition comprises electron beam 
evaporation, wherein the forming the hafnium-containing dielectric layer 6and the forming the 
lanthanum-containing dielectric layer 3 further comprise exposing the hafnium- and lanthanum- 
containing metal layers to an oxygen comprising atmosphere while heating the metal layers to a 
temperature effective to form a hafnium-containing dielectric layer and a lanthanum-containing 
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dielectric layer, where forming the hafnium-containing dielectric layer 6 and the lanthanum- 
containing dielectric layer comprise forming oxides of hafnium and lanthanum, respectively, 
column 6 lines 45-55. 

8. Claims 3-5, 23, 26-27, 29-31, 58 are rejected under 35 U.S.C 103(a) as being 
unpatentable over US 6784508 to Tsunashima et al. and US 6348373 to Ma et al as applied to 
claim 20 above and further in view of US 6184072 to Kaushik et al. 

Regarding claims 3, 5, 23, 26-27, Tsunashima discloses a method of forming a dielectric 
layer comprising: providing a substrate 1 comprising a silicon-containing surface; forming a 
metal layer 6 over the substrate heating the metal layer to a temperature of from about 800°C, 
column 6 line 51, to form a metal oxide dielectric material comprised by a first metal-containing 
dielectric layer 6 over the surface, all the metal of the first dielectric layer consisting of at least 
one element selected from Group IVB of the periodic table, and forming a second metal- 
containing dielectric layer 3 on and in contact with the first metal-containing dielectric layer 6, 
all the metal of the second dielectric layer consisting of at least one element selected from Group 
IIIB of the periodic table. 

But Tsunashima does not disclose forming a silicon dioxide layer over a portion 
of the surface comprising silicon, prior to forming of the hafnium-containing dielectric 
layer, wherein the heating comprises heating the hafnium- and lanthanum-containing 
metal layers to a temperature from about 200°C to about 400°C, and further comprising 
providing conditions effective for the hafnium-containing metal layer to chemically 
reduce the layer of silicon dioxide. 
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However, Tsunashima discloses the heating about 800°C, column 6 line 51. And 
Kaushik reference discloses forming a silicon dioxide layer 14, fig. 1, column 2 line 60, 
hafnium metal layer 16, fig. 2 over a portion of the surface comprising silicon, prior to 
forming of the hafnium-containing dielectric layer 14, fig. 3, and heating about 400°C to 
800°C, column 3 line 20, and further comprising providing conditions effective for the 
hafnium-containing metal layer to chemically reduce the layer of silicon dioxide, fig. 3 
column 3 lines 13-30. At the time the invention was made; it would have been obvious to 
one of ordinary skill in the art to combine the teaching of Kaushik' s method with 
Tsunahima's method, because it would have created a high k gate dielectric layer as 
taught by Kaushik, column 2 line 3-7. With respect to heating temperature, it would have 
been obvious to one of ordinary skill in art to use the heating temperature teaching of 
Tsunashima and Kaushik in the range as claimed, because it has been held that where the 
general conditions of the claims are discloses in the prior art, it is not inventive to 
discover the optimum or workable range by routine experimentation. See In re Aller, 220 
F.2d 454, 105 USPQ 233, 235 (CCPA 1955). 

Regarding claim 4, Tsunashima discloses the metal layer 6 comprises hafnium. 

Regarding to claim 29, Tsushima discloses the method wherein forming the hafnium- 
containing dielectric layer 6 comprises depositing hafnium to a thickness less than or equal to 
about 5 nm; and the forming the lanthanum-containing dielectric layer 3 comprises depositing 
lanthanum to a thickness less than or equal to about 5 nm, column 5 lines 4-5, wherein a ratio of 
the hafnium thickness to the lanthanum thickness of from about 1 to 4 to about 4 to 1, and no 
greater than about 6 nm, respectively, column 4-5. 
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Regarding claims 30-3 1, Tsunashima discloses the method wherein the thickness of the 
hafnium-containing metal layer 6 is about 1.5 nm, column 5 line 4, wherein the hafnium- 
containing dielectric layer 6 and the lanthanum-containing dielectric layer 3 are collectively a 
gate dielectric layer, where the gate dielectric layer is formed having an equivalent oxide 
thickness less than or equal to 2 nm, column 5 line 8. 

With respect to the thickness of hafnium-containing metal layer 6, it would have 
been obvious to one of ordinary skill in art to use the thickness teaching of Tsunashima in 
the range as claimed, because it has been held that where the general conditions of the 
claims are discloses in the prior art, it is not inventive to discover the optimum or 
workable range by routine experimentation. See In re Aller, 220 F.2d 454, 105 USPQ 
233, 235 (CCPA 1955). 

Regarding claim 58, Tsunashima discloses a method of forming a dielectric layer 
comprising: providing a substrate 1 comprising a silicon-containing surface, forming a hafnium- 
containing layer 6 over the substrate; forming a lanthanum-containing layer 3 over the hafnium- 
containing layer 6; and positioning the substrate within a reaction chamber and exposing the 
hafnium-containing layer and the lanthanum-containing layer to oxygen radicals within the 
reaction chamber and heating the hafnium-containing layer and the lanthanum-containing layer 
to a temperature effective to form a hafnium-containing dielectric layer and a lanthanum- 
containing dielectric layer, column 6 lines 45-55. 

But, Tsunashima does not discloses forming a layer of silicon dioxide overlying at 
least one portion of the surface and combing hafnium of the hafnium- containing layer 
with oxygen of the silicon dioxide layer to form a hafnium oxide over the surface. 
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However, Kaushik reference discloses forming a silicon dioxide layer 14, fig. 1, 
column 2 line 60, overlying at least on portion of the surface, a hafnium metal layer 16, 
fig. 2 over a portion of the surface comprising silicon, and combining hafnium of the 
hafnium-containing layer with oxygen of the silicon dioxide layer to form a hafnium 
oxide 18, column 3 line 27, over the surface. At the time the invention was made; it 
would have been obvious to one of ordinary skill in the art to combine the teaching of 
Kaushik' s method with Tsunahima's method, because it would have created a high k gate 
dielectric layer as taught by Kaushik, column 2 line 3-7. 

9. Claims 20, 54-55 are rejected under 35 U.S.C. 103(a) as being unpatentable over US 

6679996 to Yao et al. 

Regarding to claims 20, 54-55, Yao discloses a method for forming a MOS transistor, 
column 12 line 9-20, comprising: a semiconductor substrate 1, fig. 2C, having a surface 
comprising silicon, column 3 line 57, forming a hafnium-containing dielectric layer 3'B 
consisting of hafnium oxide, column 4 line 22, on and contacting the surface 1, forming a 
lanthanum-containing layer 3' A, fig. 2C, on and in contact with the hafnium-containing 
dielectric layer 3'B,such forming comprising initially forming a lanthanum-containing metal 
layer. 

But, Yao does not disclose a gate electrode overlying the gate dielectric layer. 
However, Yao discloses the metal oxide layer can be used in different IC device among 
others including transistor or DRAM, FeRAM, column 12 lines 9-25. At the time the 
invention was made; it would have been obvious to one of ordinary skill in the art to use 
the teaching of Yao to dispose a gate electrode overlying the gate dielectric layer 
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3'A/3'B, because such gate electrode is conventional in the art, see Tsunashima or Ma 
references above. 

Allowable Subject Matter 

10. Claims 10-1 1, 28 are objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. The prior art of record neither anticipated not rendered 
obvious the limitation 'where the exposing comprises ion bombardment of the first hafnium- 
containing layer and the lanthanum-containing layer using an ion bombardment energy of about 
10 electron volts (eVO or less' of claims 10 and 28. 

1 1 . Claims 56-57, 59 are allowed because the prior art of record neither anticipated not 
rendered obvious the limitation 'where the exposing comprises ion bombardment of the first 
hafnium-containing layer and the lanthanum-containing layer using an ion bombardment energy 
of about 10 electron volts (eV) or less' of claim 56 and 59. 

12. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thao X Le whose telephone number is (571) 272-1708. The 
examiner can normally be reached on M-F from 8:00 AM - 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael M Fahmy can be reached on (571) 272 -1705. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Thao X. le 
13 Sept. 2004 




